There has been a strong interest in short-time work (STW) schemes during the global financial crisis. Using data for 23 OECD countries for the period 2004 Q1 to 2010 Q4, this paper analyses the quantitative effects of STW programmes on labour market outcomes. Special attention is given to the dynamic aspects of the relationship between output shocks and labour market outcomes. The results indicate the STW raises hours flexibility by increasing the output elasticity of working time and helps to preserve jobs in the context of a recession by making employment and unemployment less elastic with respect to output. A key finding is that the timing of STW is crucial. While STW helped preserving a significant number of jobs during the crisis, its continued use during the recovery may have slowed the job-content of the recovery. By the end of 2010, the net effect of STW on employment was negligible or may even have become negative. However, the gross impact of STW on the number of jobs saved per quarter remains large and positive in the majority of countries.
1

Introduction
Short-time work (STW) programmes are public schemes that are intended to preserve jobs at firms experiencing temporarily low demand by encouraging work-sharing, while also providing income-support to workers whose hours are reduced due to a shortened workweek or temporary lay-offs. A crucial aspect of all STW schemes is that the contract of an employee with the firm is maintained during the period of STW or the suspension of work. The main purpose of STW schemes is to avoid "excessive" layoffs, that is, the permanent dismissal of workers during an economic downturn whose jobs would be viable in the longer-term. In an environment where firms are risk-neutral and they can fully insure their employees, excessive layoffs are effectively ruled out (Burdett and Wright, 1988) . However, in an environment where firms are financially constrained, as during a credit crunch, a well-designed STW scheme may help to increase welfare (Braun et al., 2011) . Moreover, STW schemes may also help to improve equity by sharing the burden of adjustment more equally across the workforce (OECD, 2009).
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There has been a strong interest in STW schemes during the global financial crisis in OECD countries. Most governments in countries with existing schemes took specific measures in response to the crisis to promote their use, while several others established new ones. The interest among firms and workers in STW schemes, as measured in terms of take-up, also tended to be substantial. Across the 25 OECD countries that operated a STW scheme during the global financial crisis, take-up increased from a negligible amount in 2007 to over 1% of dependent employment in 2009. This corresponds to over 4.5 million workers across the OECD. However, the use of STW differed substantially across countries. At its peak, take-up amounted to over 7% in Belgium, around 4 to 5% in Germany and Japan and around 1 to 2% in Austria, Czech Republic, France, Ireland, Italy, the Netherlands, and Slovakia. In other countries with STW schemes it remained below 1%. The use of STW declined considerably during 2010 as a result of the initial economic recovery, with the decline in the use of STW in response to the improvement in economic conditions in the early recovery being similar to the increase in response to the deterioration in aggregate demand during the crisis. Given the size and prominence of STW schemes during the global financial crisis, it is important to evaluate their impact. Two approaches have been used: firm-level and country-level approaches. The basic 1 . Bargain et al. (2012) provide simulation evidence that suggests that adjustment on the intensive margin (working time), tends to be associated with higher levels of welfare than adjustment on the extensive margin (employment).
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The 2010 is the latest year for which comparable information on the use of STW has been collected by the OECD on a systematic basis. 2 idea of firm-level studies is to assess the causal impact of STW by comparing outcomes of firms that make use of STW with those of comparable firms that do not. The main challenge is to overcome the selection problem that arises because firms that participate in STW schemes tend to be less competitive than other firms that can serve as a control group. As this turns out to be very difficult in practice, many previous firm-level studies have either concluded that STW is counter-productive or that it is not possible to overcome the selection problem with the available data. 3 The study by Boeri and Brucker (2011) represents a notable exception. They propose a plausible instrument based on the experience of firms with STW before the crisis. This is a valid instrument as long as prior use is a good predictor of use during the crisis and output demand shocks during the crisis are uncorrelated with shocks before the crisis, which appears to be the case. They find that STW increases employment growth and that the effect increases in size once the endogeneity of STW with respect to employment growth is taken into account. Unfortunately, using the same data and a similar strategy, but a somewhat more sophisticated specification, Bellman et al. (2012) were unable to confirm these results. As most other firm-level studies, their results indicate that STW increases the output elasticity of employment, possibly due to a problem of weak instruments.
In the light of the mixed success of firm-level studies in identifying the causal impact of STW, aggregate approaches in the spirit of Abraham and Houseman (1994) and Van Audenrode (1994) provide a potentially fruitful alternative. Hijzen and Venn (2010) provide an early assessment of the impact of STW schemes on preserving jobs during the crisis. Their estimates support the conclusion that STW schemes had an economically important impact, with the largest impacts of STW on employment in Germany and Japan among the countries considered. However, the positive impact of STW was limited to workers with permanent contracts, thereby further increasing labour market segmentation between workers in regular jobs and workers in temporary jobs. The estimated jobs impact was smaller than the potential number of jobs saved as implied by the full-time equivalent number of participants in STW. This suggests that STW schemes end up supporting some jobs that would have been maintained in the absence of the subsidy.
Subsequent studies by Boeri and Brucker (2011) and Cahuc and Carcillo (2011) , who make use of largely the same dataset but employed somewhat different estimation strategies, reached similar conclusions. 3 . Calavrezo et al. (2009a and b) make use of French firm-level data from before the global financial crisis to analyse the impact of the STW (chômage partiel) on layoffs and firm survival. They find that chômage partiel tends to increase layoffs and reduce firm survival. This may indicate that despite the use of sophisticated econometric methods, the problem of selection bias has not been entirely removed. Berkeley Planning Associates & Mathematica Policy Research, Inc. (1997) provide a comprehensive assessment of short-time compensation programmes in the United States using a variety of methods and conclude that the available firm-level data do not allow one to reliably attribute differences in outcomes between participating and control firms to short-time compensation.
3 This paper also analyses the quantitative effects of STW programmes on employment and hours by exploiting the country and time variation in STW take-up rates. It provides an update on the initial assessment by Hijzen and Venn (2010) by extending the time and country coverage of the dataset from 2004 Q1-2009 Q3 to 2004 Q1-2010 Q4 and from 19 to 23 countries. 5 The use of more recent data is important as it allows analysing the impact of STW not just during the crisis, but also during the early phase of the recovery. The econometric analysis takes account of differences in institutional settings across countries that might affect the relationship between labour market outcomes and output and addresses the potential endogeneity of STW take-up with respect to labour market conditions using the age of the programme as an instrument. Moreover, special attention is given to model the dynamic aspects of the relationship between output, employment and working time.
The remainder of this paper is structured as follows. Section 2 provides information on the institutional features of STW schemes as they operated during the global financial crisis as well as suggestive evidence on the role of these features for take up. Section 3 presents the econometric framework, while Section 4 discusses the data. Section 5 provides a qualitative discussion of the results based on the econometric estimates, while Section 6 discusses their quantitative implications in terms of the number of permanent jobs saved since the start of the global financial crisis. Section 7 presents simple simulations in order to illustrate how the role of STW changes under different assumptions about the persistence of the output shocks and the use of STW during the economic recovery. Section 8 concludes.
Five of these countries are considered for the purposes of the analysis not to operate STW schemes. These are respectively Estonia, Greece, Sweden, the United Kingdom and the United States. Greece only has a programme that deals with shortfalls in demand for seasonal or exceptional reasons and is therefore not considered as having a STW scheme for the purposes of this paper. In the United States, STW schemes operated in seventeen states during the crisis, covering about half the labour force. As the use of STW in those states was rather limited (Hijzen and Venn, 2010) and appropriate data to measure the use of take-up over time are not available, the United States was considered not to have a scheme for the purposes of the analysis in this paper . 4
Institutional background
Twenty-five OECD countries operated a STW programme during the global financial crisis. Hijzen and Venn (2010) provide a detailed overview of the main features of STW schemes as they operated during the global financial crisis and show there is considerable variation in their institutional design. To an important extent, this is likely to reflect different strategies for balancing concerns about assuring adequate take-up while maintaining cost-effectiveness. The latter depends on the importance of deadweight and displacement effects. Deadweight effects occur when STW subsidies are paid for jobs that employers would have retained even in the absence of the subsidy, implying that this spending is a pure transfer to firms which does not limit job losses. 6 Displacement effects occur when STW schemes preserve jobs that are not viable without the subsidy, even after business conditions recover, and will be suppressed once the subsidy comes to an end. Following Hijzen and Venn (2010) , Table 1 summarises the main features of STW schemes for the 18 countries used in the analysis which operated a STW scheme during the crisis along four key dimensions: work-sharing requirements, eligibility requirements, conditionality requirements and generosity.
• Work-sharing requirements specify the range of permissible reductions in weekly hours for shorttime workers. Minimum permissible hours reductions are intended to limit STW participation to firms experiencing important financial difficulties, while maximum average hours reductions rule out temporary layoffs and foster work-sharing by spreading the burden of adjustment across a larger group of workers.
• Eligibility requirements set conditions that employers or workers must meet in order to participate in STW programmes. The indicator ranges from zero to one and attributes a score of one third, respectively, for requiring a justification of economic need by the firm; the agreement of the social partners; and workers to be eligible for unemployment benefits.
• Conditionality requirements set behavioural requirements for both employers and workers participating in STW schemes. The indicator ranges from zero to one and attributes one quarter for, respectively, requiring workers on short-time work to participate in training; requiring the development of a recovery plan; prohibiting dismissals during, or, for a short period after participation in STW schemes; and, active job search by workers on short-time work.
6 . This may occur when firms have sufficiently strong incentives to retain redundant workers during the period of reduced output demand or when private arrangements between social partners are made to limit job losses (e.g. time-banking).
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• The generosity of a STW programme determines the cost of participation for both firms and workers and the maximum length of participation. For firms this depends on the extent to which they are required to share in the cost of hours not worked, while for workers this depends on the extent to which they are compensated for hours not worked (i.e. the replacement rate). Limits to the maximum duration for which STW subsidies are available are likely to play a crucial role in ensuring countries that STW schemes do not end up becoming an obstacle to job creation in the recovery. Strictness of eligibility requirements: Index based on the following three eligibility requirements to STW schemes: i) justification of economic need for firms; ii) social partner agreement; and iii) obligation for participating workers to be eligible for UB, which attributes a value of one-third for the presence of each eligibility requirement.
Strictness of conditionality requirements: Index based on the following four conditionality requirements: i) compulsory training; ii) recovery plan; iii) no dismissal; iv) job-search requirement for employee, which attributes a value of 0.25 for the presence of each conditionality requirement.
Source: Hijzen and Venn (2010) .
In order to get some idea of the institutional features of STW schemes for take-up, we make use of the following dynamic panel data model: common across countries through the inclusion of year-fixed effects and country-specific seasonality profiles through the inclusion of quarter-times-country dummies.
In general, there is little evidence of a robust relationship between the institutional features of STW and take up (Table 2) . Nevertheless, the analysis provides a number of tentative insights:
• Restrictions on the permissible range of working-time reductions reduce the responsiveness of take-up to changes in output, but increase its persistence. This is likely to primarily reflect the role of minimum requirements on hours reductions since these are typically used as a way to restrict take-up to firms experiencing financial difficulties.
• Eligibility requirements tend to reduce the responsiveness of take-up to output shocks. The negative role of eligibility criteria is likely to be intended as eligibility criteria seek to reduce deadweight losses by limiting the use of STW to firms that really need it. Conditionality requirements are found to increase the responsiveness of take-up to output shocks when included on its own, but this effect disappears when including all key dimensions of STW simultaneously in the regressions.
.
It is well know that least squares dummy variable models with a lagged dependent variable yield inconsistent when N (the number of countries in this case) goes to infinity and the number of time periods is help fixed (Nickell, 1981) . However, Judson and Owen (1999) show that such models yield reasonable estimates as long as the number time periods is reasonably large (i.e. 20-30) as in the present case (the maximum number of periods per country is 28).
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• There is some evidence that requiring firms to share in the cost of STW reduces the responsiveness of take-up to output shocks. This may help to limit the use of STW to workers that firms would like to keep. However, this effect does not survive when including all key characteristics of STW schemes simultaneously.
• While the maximum duration for which STW subsidies are available and the degree to which employers share in the cost of STW are often considered to be features that help ensure that firms do not use STW subsidies for too long, there is no evidence that these factors reduce persistence.
In terms of the remaining variables in the regressions, the results indicate a strong negative effect for the role of business conditions (as measured by the output variable) for take-up and positive effects for employment protection, the generosity of unemployment insurance (measured in terms of the net average replacement rate over 5 years) and the number of years STW has been in existence.
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Econometric methodology
This paper exploits the country and time variation in take-up rates to analyse the quantitative impacts of STW schemes on labour market outcomes. Exploiting the variation in the intensity with which STW is used across countries and time has a number of advantages. First, exploiting the variation across countries, rather than between participating and non-participating firms within countries, avoids the selection problem that characterises firm-level studies. While it is true that exploiting the country and time variation introduces important new concerns in relation to selection and endogeneity, we argue these can be addressed satisfactorily, whereas this is not always the case at the firm level. Second, the approach used here focuses on the net effects of STW on labour market outcomes, after taking account of its effects on both participating and non-participating firms. To the extent that STW also affects labour market outcomes in non-participating firms, for example, by reducing labour mobility, this could be potentially important.
Thus, in contrast with firm-level studies, country-level studies are not confined to estimating partial equilibrium effects but may also pick up potentially important general equilibrium effects.
Static model
Building on previous work by Hijzen and Venn (2010) and Boeri and Brucker (2011) , we adopt an empirical specification that allows the use of STW to have a direct effect on the growth rate of the outcome of interest and an indirect effect through its impact on the elasticity of the labour market outcome of interest with respect to output. More specifically, we start off with the following first-difference model:
where Δ refers to the quarter-to-quarter change in the log of the labour market outcome of interest, Δ to the quarter-to-quarter change in the log of output, refers to the number of participants in STW as a share of dependent employment. As in the take-up analysis, the regressions also include year and quarter-times-country dummies to control for common macro-economic trends across countries as well as country-specific seasonality patterns. refers to a random error term. Subscripts i and t refer to country and time. The coefficient provides an estimate of the elasticity of the labour market outcome of interest with respect to output in countries that do not operate STW schemes. The coefficient provides an estimate of the direct effect of STW on the growth rate of the labour market outcome of interest. The coefficient provides an estimate of the indirect effect of STW on the elasticity of the labour market outcome of interest with respect to output. This is the main parameter of interest.
In order to explore to what extent the impact of output on the labour market of interest can be summarised by a contemporaneous relationship as in (2a) or whether some of the impact of output only occurs with a lag, the model is also estimated by lagging output changes and STW take-up by, respectively, one and two quarters. As will be shown below, the results for both employment and average hours are rather sensitive to these slightly different specifications, suggesting that modelling the dynamic effects of STW is very important.
Dynamic model
In order to analyse the dynamic effects of the use of STW schemes on labour market outcomes we make use of dynamic regression models that allow both for persistence in the outcome variable of interest as well as lagged responses to changes in output. More specifically, we re-parameterise an autoregressive distributed lag (ARDL) model of order (1, s) to derive the following augmented error-correction model:
. captures the degree of persistence in the outcome variable of interest, the long-term output elasticity and the short-term output elasticity with zero STW at time t+s. The model is augmented to allow for a direct impact of STW on the growth rate of the labour market outcome and an indirect effect through its impact on the short-term output elasticity. The β-coefficients capture the direct effect of a 1 percentage point increase in the take-up rate of STW on the growth rate of the labour market outcome of interest, while the γ-coefficients capture the impact of a 1 percentage point increase in the take-up rate on the short-term output elasticity. The dummy structure is the same as in the static model.
The general error-correction model described by (2b) is only appropriate for outcome variables that have a stable long-term relationship with output such as employment and total hours worked. However, it is not appropriate for stationary variables which are independent of output in the long-run such as average hours worked. In this case, we simply concentrate on the short-term relationship between average hours, output and STW that results when = 0.
Controlling for selection
As noted by Hijzen and Venn (2010) , simple OLS estimates of the models above may yield misleading results. First, estimates of these models may be biased because the output elasticity may not be just a function of STW but also of other institutional settings. For example, OECD (2010) argues that STW has tended to develop in many countries as a way to compensate firms for the negative impact of employment protection on external flexibility by promoting internal flexibility. When STW is positively correlated with institutional factors that reduce the output elasticity of labour demand, this is likely to lead to an overestimate of the impact of STW on preserving jobs. Assuming that the role of these other institutional factors does not vary over time, Hijzen and Venn (2010) propose a difference-in-differences approach that focuses on the difference in the output elasticity of labour demand before and during the crisis across countries. Boeri and Brucker (2011) for STW based on the number of years for which a scheme has been in existence. Since it takes time to learn about the existence and operation of labour market programmes such as STW, take-up is likely to increase with the time a programme has been in existence. This is indeed confirmed by the evidence in Section 2. To the extent that the macro-economic conditions that might have given rise to the establishment of the programme are unrelated to the macro-economic conditions that led to the surge in STW during the global financial crisis, this provides a valid instrument for STW. As this condition is clearly not valid for programmes that were established during the global financial crisis, countries that did so were excluded from the IV estimations.
Data
For the purposes of this paper, the dataset constructed by Hijzen and Venn (2010) Q4. The use of five additional quarters over a period in which the use of STW was relatively high is considered to be an important contribution of this paper. Of the 23 countries that are included in the analysis, 13 countries operated a scheme already before the start of the global financial crisis, five introduced a new scheme in response to the crisis and five countries never operated a STW scheme. Since national data on the use of STW are not readily comparable across countries significant efforts were made to enhance cross-country comparability in terms of the kind of programmes that are covered and the way take-up is recorded across countries. Take-up is measured in this paper as the number of participants across months as a share of dependent employment. Note that it would have been preferable to measure take-up in terms of full-time equivalents (FTE). However, this requires information on the reduction in working time among STW participants which is not available for the majority of countries. For further details on the construction of this dataset, see Hijzen and Venn (2010) and Annex Table A1 . Table 3 provides an overview of the use of STW before, during and after the crisis for countries for which comparable data are available. 8 At the onset of the crisis in the fourth quarter of 2007, take-up of STW was negligible in most countries. An important exception is Belgium where take-up amounted to about 3% of dependent employment. Finland, France, and Italy also had moderate levels of take-up, but well below 1% of employment. During the crisis, take-up surged dramatically. At its peak, it amounted to over 7% in Belgium, around 4 to 5% in Germany and Japan, 2.5% in Italy, and around 1 to 2% in Austria, Czech Republic, Finland, France, Ireland, the Netherlands, and Slovak Republics. In the other countries, it remained below 1%. In all countries, take-up has declined substantially since reaching its peak. Only in Belgium, Italy and Japan did take-up exceed 1 % of employment as of 2010 Q4.
The rise in take-up is closely related to the deterioration in business conditions during the crisis and their subsequent recovery, although there are considerable differences in the extent to which take-up responded to changes in GDP. Take-up increased most strongly in response to the crisis in Belgium, where take-up rose by more than one percentage point for each percent decline in GDP. The responsiveness of take-up was also strong in countries such as Germany and Japan, where it increased by more than half a percentage point for each percent decline in GDP. By contrast, responsiveness was very low in Denmark, Ireland, Poland and Portugal. During the initial recovery, the responsiveness of take-up to improvements in GDP was similar to that during the crisis in most countries. This suggests that concerns about the difficulty of scaling down STW schemes in the recovery may not be very important.
8 . This excludes Korea, New Zealand, Slovenia, Turkey and the United States. The use of short-time work was negligible in New Zealand and the United States, modest in Korea and rather important in Slovenia and Turkey. The core database on labour market outcomes and output is derived from Eurostat's Quarterly National Accounts, the European Labour Force Survey and various national sources for the non-European countries. Output is defined in real terms in national currency using the GDP deflator.
Econometric results
Sections 5.1 and 5.2 present the discussion of the static and the dynamic results respectively. The discussion focuses largely on the labour market outcomes for permanent workers in relation to their employment, average hours worked and total hours. This reflects previous results by Hijzen and Venn (2010) which showed that the positive effects of STW are largely limited to permanent workers. The discussion of the static results in Section 5.1 mainly serves to get a first indication of the possible role of STW on labour market outcomes and to motivate the dynamic analysis in Section 5.2. The discussion of the static results is kept as brief as possible, while the dynamic results are discussed in more detail. Section 5.3 discusses dynamic results in relation to the UB recipiency rate and the harmonised unemployment rate. 
Static results on employment and hours
Panel A of Table 4 However, as shown in Panels B and C of Table 4 , the results change markedly for employment and average hours worked when using the first or the second lags of output changes and take-up instead of their contemporaneous values. For example, the interaction term between take-up and the change in output is consistently negative and statistically significant in the case of employment, in line with findings in previous studies. Moreover, the interaction between take-up and the change in output in the case of average hours is positive when using the first lag (Panel B), as in Panel A, but becomes negative and statistically significant when using the second lag (Panel C). Importantly, these results suggest that the impact of STW on the output elasticity of employment only materialises after some time, while the impact of STW on average hours worked tends to be immediate.
These differences arise largely because employment only responds slowly to output shocks, while average hours respond quickly, but tend to revert to their optimal long-term values relatively soon. This is consistent with a model in which adjusting employment is relatively costly, while adjusting average hours does not involve a fixed adjustment, but may affect variable costs (Bils, 1987; Cabellero et al., 1997) . This implies that it is optimal for firms to adjust to temporary and relatively short-lived shocks by adjusting average hours and to more persistent shocks by adjusting employment. This is consistent with results in Table 4 that suggest that employment responds more strongly to output shocks that occurred with two lags than to contemporaneous shocks and average hours respond positively to contemporaneous output changes and negatively to lagged output changes.
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The sensitivity of the static results to the assumed inter-temporal relationship between labour market outcomes, output and take-up highlights the importance of modelling the dynamics of employment and hours with respect to output in a more detailed manner. This is done in the next sub-section. 
Dynamic results on employment and hours
The dynamic results are reported in Table 5 . The coefficients in relation to the change in output summarise the average impact of a 1% increase in output on the labour market outcome of interest in the absence of STW schemes. As one would expect, the proportional impact of output changes on total hours worked approximately equals the sum of its proportional impact on employment and working time. 9 The bulk of the contemporaneous response in total hours is driven by changes in working time. However, the impact of average hours is reversed relatively quickly, while the full impact on employment only materialises slowly over time. The negative impact of a 1% reduction in output on employment equals about 0.1% at time t, an additional 0.1 at t+1 and an additional to 0.3% at time t+2.
In principle, STW schemes could affect labour demand directly and indirectly by affecting the way output shocks are transmitted to labour demand. The results, however, generally provide little evidence for any direct effects of STW. Only when the endogeneity of take-up is taken into account is there some evidence that STW reduces the contemporaneous growth rate of average hours worked independently of output changes. This is, perhaps, not surprising since STW is a programme that is explicitly designed to reduce working time. More interestingly, there is some indication that STW take-up slows employment growth in the future. However, this effect is economically very small and only in one specification statistically significant at the 10% level. In principle, the direct negative effect of STW on employment could reflect its adverse impact on the reallocation of workers between more and less productive firms.
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Concerns about the potential adverse effects of STW on job reallocation have motivated recommendations
by the OECD that STW should only be used in the context of economic downturns and that its use should be strictly temporary (OECD, 2009 (OECD, , 2010 .
The indirect effects of STW on the responsiveness of labour market outcomes to output shocks are potentially important. STW schemes increase the contemporaneous elasticity of average hours worked for permanent workers with respect to output shocks. The immediate impact of STW on average hours worked of permanent workers is sizeable: a one percentage point increase in the STW take-up rate increases the contemporaneous output elasticity of average hours worked by about 0.25 (column 1), or about 10 hours in the case of full-time workers with a regular working week of 40 hours. 11 STW does not have an immediate 9 .
The differences between the coefficients on output changes in the total-hours equation and the sum of the corresponding coefficients in the employment and average-hours equations largely reflect the fact that average hours are modelled somewhat differently.
impact on the employment elasticity of permanent workers, but exerts a significant impact on the output elasticity of employment with some lag. More specifically, the estimates suggest that a 1 percentage point increase in the take-up rate of STW reduces the employment elasticity of permanent workers by 0.09 after two quarters.
The results in Table 5 are robust to a variety of wide different specifications. In particular, the results are qualitatively similar when: countries without STW schemes are excluded from the sample; additional variables are included to control for the role of employment protection and the generosity of unemployment insurance and their impact on the responsiveness of labour inputs to output shocks; the potential endogeneity of STW is addressed by instrumenting the STW take-up rate by the number of years since the introduction of STW as suggested by Boeri and Brucker (2011) .
Column (2) of Table 5 reports the results that include indicators for the stringency of employment protection and the generosity of unemployment insurance independently as well as in interaction with the change in output. These results suggest that employment protection, similar to STW, reduces the output elasticity of permanent employment. The generosity of unemployment insurance, if anything, increases the elasticity of employment with respect to output, suggesting that more generous unemployment benefits increase the risk of job loss. The results with respect to STW are essentially unchanged.
Column (3) of Table 5 reports the results that are obtained when, in addition to controlling for the independent effect of employment protection and unemployment insurance, the STW take-up rate is instrumented by the number of years the STW programme has been operational. As this is only valid instrument for countries that had a STW schemes in place before the start of the crisis, countries without STW schemes or countries that established such a scheme in 2008 or later are excluded from the estimation sample. Since the endogeneity of STW with respect to labour market outcomes is likely to underestimate the impact of STW on the output elasticity of employment, one would expect its impact to become stronger after instrumenting. This is not observed in Table 5 . The impact of STW on the employment elasticity becomes, if anything, somewhat smaller. This most likely reflects the change in the country sample with respect to column (2). When all jobs subject to STW would be suppressed in the absence of STW and all job losers would become unemployed, one would expect the sum of the coefficients on the interaction terms between output growth and take-up to approach one. However, this is unlikely to be the case in practice for several reasons. First, STW is a form of work-sharing and, consequently, not all jobs subject to STW are at risk. It is more appropriate, therefore, to focus on the full-time equivalent of the number of STW participants.
Assuming an average reduction in working time of about 10%, as suggested by Hijzen and Venn (2010) , one would expect the sum of the coefficients on the interaction terms between output growth and take-up to approach 0.25. Second, not all jobs supported by STW, even when expressed in full-time equivalents, might be suppressed in the absence of STW due to the role of deadweight effects. Third, not all workers that would have lost their job in the absence of STW would have become unemployed. Some might have found another job quickly, whereas others might have decided to leave the labour force. Assuming that the generosity of STW and unemployment benefits is similar as well as the duration of STW and unemployment, one would expect the fiscal balance associated with STW to be negative. While the first assumption seems reasonable (see Hijzen and Venn, 2010) , this is less obvious for the second. The fiscal balance of STW may turn positive if the expected duration of unemployment exceeds that of STW.
The unemployment results reported in Table 6 generally mirror those with respect to permanent employment. STW has a tendency to mitigate the unemployment impact of output shocks: the increase in unemployment as a result of a reduction in output tends to be smaller in the context of STW. Moreover, the impact of STW on the elasticity of the unemployment rate with respect to output materialises only with a lag, reflecting the lagged impact of output changes on employment. Thus, STW not only helps to maintain employment in the context of a recession, it also helps to keep unemployment down. The results are 21 qualitatively similar across specifications. Moreover, the cumulative size of the coefficients the interactions terms is consistently much smaller than 0.25, suggesting that deadweight effects are important or that not all job losers in the absence of STW would become unemployed. However, there is considerable uncertainty about the precise quantitative impact of STW. The impact of STW on the output elasticity of unemployment tends to be considerably more positive when controlling for the endogeneity of STW and when using the harmonised unemployment rate as the dependent variable. 
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Quantifying the role of STW during the global financial crisis
In order to get a sense of the quantitative impact of STW schemes, the estimated coefficients reported in column (1) of Table 5 are used to calculate the proportional and absolute impacts of STW for permanent employment since the start of the crisis until 2010 Q4. 12 Differences across countries are exclusively driven by differences in the evolution of GDP and the STW take-up rate since the start of the crisis. The country results have no bearing on the effectiveness of schemes in different countries beyond affecting the responsiveness of take-up to changes in economic conditions. The results are reported in Figure 1 for Germany, Italy and Japan, three large countries where the use of STW during the global financial crisis was particularly pronounced. The results for all countries are available upon request from the authors. The following insights emerge:
• Short-time work schemes had a significant impact on preserving jobs during the crisis. The largest impact is observed in Germany, Italy and Japan. In Germany, Italy and Japan, the net impact since the start of the crisis attained a peak when permanent employment is estimated to have been, respectively, 2%, 0.9% and 1.1% higher than what it would have been in the absence of short-time work. This corresponds to about 580.000 jobs in Germany, 130.000 in Italy and 445.000 in Japan.
• However, the same estimates also suggest that the continued use of STW during the recovery exerted a negative influence over the job-content of the recovery. As a result, the net effect on employment has fallen importantly in the recovery and in a few countries even has become negative. In the last quarter of 2010, the net employment impact of STW since the start of the crisis was slightly negative in Germany (-0.7%) and Italy (-0.1%) and strongly negative in Japan (-1.5%).
13
• The social impact of STW is best measured in terms the cumulative jobs impact of STW, that is, the sum of number of jobs saved in each quarter. We refer to this is that gross impact. The gross impact is positive is substantial and positive in all countries, except Japan. In Germany, the cumulative number of jobs saved each quarter amounts to almost 1.2 million, while it amounts to 12 .
The start of the crisis is defined by the country-specific peak of GDP.
.
A look at Figure A .1 in the annex explains why the negative net impact at 2010 Q4 is so negative. The rise of in take-up only really started once the economic started to recover. This reflects a combination of various factors: the very sharp and sudden decline in GDP; the relatively slow response in STW to the decline in output; and a fast and steep initial recovery in GDP. 14 .
The measure of social impact is also useful when assessing the fiscal benefits in terms of the reduction in unemployment-benefit payments. In order to get to the net fiscal impact, these benefits need to be balanced against the STW subsidies paid to firms.
The present analysis effectively assumes that firms that make use of STW schemes in the recovery face improving business conditions, even though this may not be the case in practice. To the extent that firms with deteriorating business conditions are the ones that continue to make use of STW schemes during the recovery, the current analysis over-emphasizes the potential negative effects of STW schemes in the recovery. b) Gross impact refers to the cumulative impact that can be attributed to the use of STW since the start of the crisis.
Source: Authors' estimates based on Table 5 , column 1.
Simulation results
In order to more fully appreciate the implications of the results presented in Table 5 , it is useful to compare the evolution of employment, total hours and working time under different assumptions about the persistence of the shock and the use of STW. Three different scenarios are considered. Under the first scenario, the economy is hit by a 1% reduction in GDP, but experiences an increase in GDP of 1% in the 26 subsequent quarter. The take-up rate of STW is assumed to remain constant at 1% during the downturn and the recovery. Under the second scenario, the economy is also hit by a temporary decline in GDP of 1%, but in this case the economy recovers only after four quarters. As before, the take-up rate is assumed to remain constant during the downturn and the recovery. The third scenario is similar to the second scenario in that it also relates to a more prolonged downturn, but differs in that it assumes no STW in the recovery. In order to get an idea of the effectiveness of STW in these different scenarios, the cumulative difference in average hours worked with and without STW during the downturn is interpreted as a measure of the use of STW (up to t=1 in the first scenario and t+4 in the other two scenarios). Comparing this with the cumulative difference in employment over the first eight quarters provides an indication of the effectiveness of STW. To the extent that the cumulative difference in employment falls short of the cumulative difference in average hours worked, this may indicate that some jobs have been supported that either did not need support or were not viable anyway. Figure 2 presents the evolution of employment, total hours and average hours of permanent workers in the eight quarters that follow the initial decline in GDP.
• Under the first scenario in which the economy is hit by a short temporary reduction in GDP, the employment impact associated with STW appears to be relatively small compared with its impact on working time. While the difference in working time associated with STW is 0.25% (up to t=1), the cumulative difference in employment is only 0.07% (up to t=8). This suggests that the deadweight loss associated with short-time work in the context of a very short downturn may be over 70% ((0.25-0 .07)/0.25). The relatively small impact of STW on employment reflects the fact that employment tends to respond to output shocks with a time lag. As a result, a relatively large fraction of jobs is supported that would be preserved anyway. The net impact of STW on employment is zero after four quarters.
• In the context of a prolonged downturn as under the second scenario, the impact of STW on employment is larger and STW tends to be more effective. Compared with the first scenario, the cumulative impact of STW on employment increases from 0.1% to 0.3% Moreover, STW tends to be somewhat more effective in prolonged recessions since this increases the likelihood that jobs are supported that would have been suppressed otherwise. The cumulative impact of STW on employment (0.3% up to t=8) relative to that on average hours (0.9% up to t=4) suggests that deadweight costs may be two-thirds of the overall costs. The net impact of STW on employment is zero after six quarters.
• In the context of a prolonged downturn where the take-up rate of STW is only positive during the downturn, and is zero in the recovery, STW has a larger impact on employment in gross terms, has a more persistent net impact on employment and appears to be more effective. The cumulative impact of STW on employment is 0.4% (up to t=8). Given its impact on average hours (0.9% up to t=4 since the use of STW is assumed to be zero beyond), the deadweight losses associated with STW may be about half of the overall cost. The net impact of STW on employment is still positive after eight quarters as employment only converges slowly to its longterm trend. Thus, the balance of STW is considerably more positive if its use is limited to economic downturns. This is likely to be true in terms of its social, economic and fiscal costs.
Given the prolonged nature of the global crisis in most countries and the relatively strong responsiveness of the intensity of STW to the improvement in economic conditions in the recovery (see the beginning of this sub-section), the third scenario may best describe the role of STW during the global financial crisis. This confirms the positive role that STW played in many OECD countries. However, it also implies that the role of STW in future downturns may not necessarily be as positive as was the case this time as it both depends on the nature of the crisis and the responsiveness of STW to economic conditions. The institutional design of STW programmes needs to take this into account.
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16 . It is not straightforward to draw any conclusions about the effectiveness of short-time work schemes in individual countries. The labour market effects of STW may differ importantly across countries, because of differences in the average reduction in working time per STW participants, because of differences in the institutional features of short-time work schemes, differences in the institutional context in which STW schemes operate and the sectoral composition of employment and output changes. 
Conclusions
There has been a strong interest in short-time work (STW) schemes during the global financial crisis.
Using data for 23 OECD countries, this paper analyses the quantitative effects of STW programmes on labour market outcomes by exploiting the country and time variation in STW take-up rates. The analysis takes account of differences in institutional settings across countries that might affect the relationship between labour market outcomes and output and addresses the potential endogeneity of STW take-up with respect to labour market conditions using the age of the programme as an instrument. Moreover, special attention is given to model the dynamic aspects of the relationship between output and labour market outcomes.
The results indicate the STW raises hours flexibility by increasing the contemporaneous output elasticity of working time and helps to preserve jobs in the context of a recession by making employment and unemployment less elastic with respect to output. A key finding is that the timing of STW is crucial.
Short-time work schemes had a significant impact on preserving jobs during the crisis. The largest impact is observed in Germany, Italy and Japan where in the second half of 2009 employment is estimated to have been, respectively, 580.000, 130.000 and 445.000 higher than what it would have in the absence of STW.
However, the same estimates also suggest that the continued use of STW during the recovery exerted a negative influence over the job-content of the recovery. As a result, the net effect on employment has fallen importantly in the recovery and in a few countries even has become negative.
Nevertheless, even in countries where the net impact has become negative, STW may still have played a very important role in limiting the social costs of the crisis. Indeed, the social impact of STW on employment, which is best measured in gross terms (the sum of the number of jobs saved in each time period), was substantial and positive in almost all countries. The impact of STW schemes is likely to be considerably more positive if their use is limited to economic downturns. This is likely to be true in terms of its social, economic and fiscal costs: it would have a larger positive impact on the number of jobs saved in each period; it would help sustain the positive net effects of STW crisis for longer during the recovery;
and it would enhance the effectiveness of STW schemes.
In order to limit the use of STW to economic downturns, its use has to be very responsive to changes in economic conditions, both negative and positive. Factors that may help to ensure that take-up does not persist for too long in a recovery are to require firms to participate in the cost of STW, to limit the maximum duration of STW schemes and to require workers to search for a job whilst on STW. The quarterly y stock is estimated using the ratio of the total monthly hours used ov er the quarterly av erage hours w orked by employ ee from Eurostat (QNA). 
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